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events and stressors. For example, a retrospective study of young adult children of alcoholics found that they experienced higher rates of a variety of stressors in childhood and adolescence compared to those without a family history of alcoholism (Sher, Gershuny, Peterson, & Raskin, 1997) . Similarly, both cross-sectional and longitudinal studies find that parental substance use and problems predict elevated levels of adolescent-reported life events (Hoffmann & Su, 1998a; Wills, Sandy, Yaeger, & Shinar, 2001) . Furthermore, it is well established that negative life events are, in turn, associated with greater adolescent externalizing-spectrum behavior (Blomeyer et al., 2008; Frojd, Kaltiala-Heino, Pelkonen, Von der Pahlen, & Marttunen, 2009; Kim, Conger, Elder, & Lorenz, 2003; Windle & Windle, 1996) .
To our knowledge, only a few studies have examined the indirect pathway from parental externalizing → life events → adolescent externalizing. Chassin et al. (1993) found that adolescents' exposure to life events mediates, in part, the link between parental alcoholism and adolescent substance use. Retrospective work with a college age sample similarly indicated that childhood stressors mediated the link between paternal alcohol dependence and young adult alcohol use disorders (Sher et al., 1997) . Although others have reported null results for this indirect pathway (e.g., Hoffman & Su, 1998) , evidence from these two independent samples suggests that the offspring of parents with externalizing problems are exposed to more stressful or chaotic environments, which is subsequently associated with their own externalizing behavior.
Not all adolescents whose parents suffer from an externalizing problem or who experience a large number of life events go on to exhibit externalizing behavior themselves (Thornberry et al., 2003) . Continuity and discontinuity in this intergenerational pathway may reflect, in part, an interaction between life events and individual differences, such as genetic predispositions. To date, studies examining interactions between life events, measured genetic predispositions, and externalizing behavior in adolescence have focused narrowly on genes implicated in the stress response (e.g., 5-HTTLPR and CRHR1; Blomeyer et al., 2008; Covault et al., 2007; Schmid et al., 2010) . In contrast, there has been relatively little attention paid to how life events interact with measured genetic predispositions for externalizing behaviors themselves (Kendler et al., 2012) . This represents an important gap in the literature, particularly in view of evidence that latent genetic variance for externalizing behaviors increases under conditions of more life events (Hicks, South, DiRago, Iacono, & McGue, 2009) . Although the Hicks et al. study of gene-environment interaction only looked at changes in latent genetic variance (i.e., heritability) as a function of life events, the findings suggest that life events and specific genes that are known to predispose individuals to externalizing behavior may interact.
Our goal in this study was to integrate across the intergenerational continuity and latent gene-environment interaction literatures to examine whether the intergenerational pathway from parental externalizing → life events → adolescent externalizing is qualified by an interaction between life events and variation in a gene that predisposes adolescents to externalizing behaviors. Selecting the relevant gene or genetic variant for any study of geneenvironment interaction is likely to be somewhat controversial (Dick et al., 2015) . In keeping with our primary goals for the present study, we used the empirical literature to select GABRA2, which has been previously associated with adolescent externalizing behaviors Dick et al., 2009) , and whose genotypic effects change as a function of the environment (Dick et al., 2009; Perry et al., 2013; Villafuerte, Trucco, Heitzeg, Burmeister, & Zucker, 2014) .
GABRA2 codes for the receptor for the central nervous system inhibitory neurotransmitter GABA A alpha-2 subunit. GABA A receptors are involved in the mesolimbic dopamine system (Enoch, 2008) , suggesting that GABRA2 is likely involved in a range of rewardrelated disinhibited behaviors that broadly reflect the inability to control one's impulses. GABRA2 was initially associated with adult alcohol dependence in multiple independent samples (Covault, Gelernter, Hesselbrock, Nellissery, & Kranzler, 2004; Edenberg et al., 2004; Enoch et al., 2009; Zintzaras, 2012) . Subsequent studies have demonstrated that variation in GABRA2 is associated with a range of externalizing disorders, including drug dependence , childhood conduct disorder symptoms and increased risk (odds ratios ranging from 2.1 to 2.7) of exhibiting an elevated persistent trajectory of externalizing behavior across adolescence and early adulthood (Dick et al., 2009 ). Further evidence that GABRA2 variation poses non-specific risk towards externalizing behaviors comes from studies of its association with specific patterns of neurological function (e.g., differences in EEG power in the beta frequency and insula activation) that are linked to cognitive functioning, information processing, and sensitivity to reward and loss (Edenberg et al., 2004; Porjesz et al., 2002; Villafuerte et al., 2012) .
Above and beyond these main effects, environmental factors interact with variation in GABRA2 to predict externalizing behavior. The pattern of findings emerging from these analyses is largely consistent with the idea that genotypic differences become more pronounced in environments characterized by greater social opportunity and less social control (Shanahan & Hofer, 2005) , such as affiliations with deviant peers or less parental monitoring (Dick et al., 2009; Villafuerte et al., 2014) . For example, adolescents with more copies of the major allele for SNPs in the risk-increasing GABRA2 haplotype block were more likely to exhibit an elevated persistent trajectory of externalizing behavior if they also experienced less parental monitoring (Dick et al., 2009) . Likewise, GABRA2 genotypic differences become minimized in less adverse environments. Perry et al. (2013) found that positive life events (i.e., the degree to which one's work, finances, spouse, and children were uplifting or pleasurable) interacted with GABRA2 genotype to predict men's alcohol dependence. Men with the risk-increasing GABRA2 haplotype (operationalized as having two copies of the major A allele at rs279871) were less likely to have alcohol dependence if they reported recently experiencing more positive life events. Taken as a whole, these findings suggest that specific characteristics of the environment may interact with GABRA2 variation to predict externalizing, making this a good candidate for the present study.
We first examine whether there is an indirect pathway between parental externalizing behavior and adolescent externalizing behavior that is marked by elevations in life events. We then test whether life events and adolescent-level genotypic differences in GABRA2 interact to qualify this intergenerational pathway. We do this in two independent samples. Our discovery sample is a community-based American sample for which there are six repeated measures of life events and adolescent externalizing, two repeated measures of teacher-reported adolescent externalizing, and adolescent GABRA2 genotype and parental externalizing information (as indexed by measures of antisocial behavior and alcohol problems). To test for the replicability of any effects that emerged from our densely and longitudinally assessed discovery sample, we use data from a population-based Finnish twin sample for which there are similar life events and adolescent externalizing data, in addition to adolescent GABRA2 genotype and parental externalizing measures.
Method Discovery Sample: Child Development Project
Participants in the present study are the European-American subsample (n = 324) of the Child Development Project (CDP) for whom parental externalizing, life events, adolescent externalizing, and GABRA2 genotype information were available. The original CDP sample included 585 children who were recruited from public schools in Nashville and Knoxville, Tennessee and Bloomington, Indiana. Since enrolling in the study, participants have been contacted annually for follow-up assessments of their social development and emotional and behavioral adjustment. As described in greater detail in Dick et al. (2009) , DNA data were collected in the context of an annual follow-up visit in early adulthood. Analyses were limited to the European-American participants (n = 477 from the full sample) for whom relevant phenotypic data were also available (n = 324; 50% male) because allele frequencies and linkage disequilibrium structures often differ across populations.
Parental Antisocial Behavior and Alcohol Problems-Mothers and fathers (if available) reported on their own lifetime antisocial behavior and alcohol problems on separate scales at the target child's age 16 assessment. It would have been ideal to use a measure of parental antisocial behavior that was collected prior to adolescents' externalizing outcome data, but these data were not available in the CDP sample. Accordingly, we used the following lifetime antisocial behavior and alcohol problems measures as global indices of parental externalizing problems, and assume, based on high levels of continuity of externalizing problems from childhood to adulthood (Odgers et al., 2008; Petersen, Bates, Dodge, Lansford, & Pettit, in press; Pitkanen, Kokko, Lyyra, & Pulkkinen, 2008 ) that parents' antisocial behavior and alcohol problems antedated life events and adolescents' externalizing.
The antisocial behavior scale was adapted from Frick and Hare (2001) , and each parent reported how well a series of seventeen statements indicative of antisocial behavior (e.g., acting without thinking of consequences, irritability, engagement in risky activities) describe himself or herself on a three-point scale anchored 0 (not at all true) to 2 (definitely true). Reliabilities (alpha) were 0.55 and .71 for mothers and fathers, respectively. Maternal scores ranged from 0-15 (M = 4.42), and paternal scores ranged from 0-19 (M = 4.81). Forty-one percent of the sample only had mother data, 5% only had father data, and <1% were missing data on both parents. When both mother and father data were available (52% of sample), the maximum score was used in the analysis. For 53% of these participants, the maximum antisocial behavior score was from the father, for 37% the maximum antisocial behavior score was from the mother, and for 10% the mother and the father had the same score.
Mother and father scores were positively related, although the effect was not significant, τ = .05, p = 0.35. Alcohol problems were assessed using twelve items from the Short Michigan Alcohol Screening Test (Selzer, Vinokur, & van Rooijen, 1975) . Parents indicated whether a series of questions indicative of problem drinking applied to them on a two-point scale, 0 (no) or 1 (yes). Reliabilities (alpha) were 0.67 and .81 for mothers and fathers, respectively. Sum scores were calculated for use in the present analyses. Maternal MAST scores ranged from 0-7 (M = 0.55), and paternal MAST scores ranged from 0-12 (M = 0.98). Forty-six percent of sample only had mother data, 4% only had father data, and <1% were missing data on both parents. When both mother and father data were available (50% of sample), the maximum score was used in analysis. For 32% of these participants, the maximum alcohol problems score was from the father, for 14% the maximum alcohol problems score was from the mother, and for 54% the mother and the father had the same score. Mother and father scores were positively related, although the effect was not significant, τ = .11, p = 0.12. Twenty-six mothers and twenty-six fathers had scores ≥ 3, indicating a probable alcohol problem.
Life events-At each annual assessment between ages 11-16, life events experienced by the child and his/her family were assessed using the Family Changes and Adjustments Questionnaire (Dodge, Pettit, & Bates, 1994) . This questionnaire asked mothers whether 18 life events (listed in Table 1 ) happened in the past year. Events were coded 0 (did not happen in past year) or 1 (did happen in the past year). No measure of internal consistency (e.g., alpha) is calculated for this scale because events appearing on the checklist can and do occur independently. For each age, separate life events sum scores of the items were calculated. Life events data were available for 80-93% (M = 86%) of the sample at each time point.
Externalizing behavior [mother (CBCL) and teacher (TRF) reports]-At each annual assessment at ages 12-17 mother-reported externalizing behavior was assessed using the Achenbach Child Behavior Checklist (CBCL; Achenbach, 1991c) . Mothers were asked whether a series of 33 items on the Externalizing Behavior subscale (e.g., gets in many fights, destroys things belonging to others) described their children in the past six months on a three-point scale anchored 0 (not true) to 2 (very true or often true). At ages 12 and 13, teacher-reported externalizing behavior was assessed using the Achenbach Teacher Report Form (TRF; Achenbach, 1991a) . Classroom teachers who knew the target child best were asked how well a series of 34 items on the Externalizing Behavior subscale described target children using the same three-point scale as listed above. The Achenbach manual reports excellent psychometric properties for the CBCL and TRF externalizing scales, including high test-retest reliability, and convergent and divergent validity (Achenbach, 1991a (Achenbach, , 1991c . Separate mother and teacher externalizing symptom sum scores for each age were used in longitudinal linear mixed modeling analyses (described below). Alphas across years ranged from .88 to .92 for mother reports and .95 to .96 for teacher reports 1 . CBCL data were available for 85-95% (M = 89%) of the sample at each time point, and 34, 39, 25, 32, 34, and 23 of the participants' scores were in the clinical range at ages 12-17, respectively. TRF data were available for 85% and 81% of the sample at ages 12 and 13, and 25 and 24 of participants' scores were in the clinical range.
Genotyping-We genotyped 10 single nucleotide polymorphisms (SNPs) in GABRA2, which were selected based on previous evidence for an association with alcohol dependence in the Collaborative Study on the Genetics of Alcoholism (see Dick et al., 2009 for a description of selection criteria and further genotyping details including chromosomal position and minor allele frequency). Linkage disequilibrium across these markers was very high, with an r 2 average of 0.91, indicating that the SNPs do not reflect independent tests of association (Dick et al., 2009) . As in previous developmental and gene-environment interaction (G × E) studies of GABRA2 Perry et al., 2013) , we selected the SNP with the single most significant association from the COGA sample (Edenberg et al., 2004) , rs279871, to represent the risk-associated haplotype block in the present analyses. Genotypic information for this SNP was available for 97% of the sample. Genotyping was done on the minus strand, and the minor allele frequency (MAF) for the G allele was 0.43.
Covariates-Sex was entered as a covariate in view of previous sex differences for this outcome (Newman et al., 1996) . We also included the number of reporters on the parental antisocial behavior and parental alcohol problems measures (i.e., 1 parent or 2 parents) as covariates in the respective models in order to account for the possibility that missing parental data, particularly missing father data, may reflect some degree of risk for externalizing behavior.
Replication Sample: FinnTwin12
FinnTwin12 is a population-based Finnish twin sample of approximately 2,700 twin pairs; of these parental externalizing (measured when the twins were age 12), adolescent life events, adolescent externalizing behavior (both measured at age 14), and genotypic data were available for 802 twins from 478 families (297 monozygotic individuals, 497 dizygotic individuals, and 8 individuals of unknown zygosity; 52% female, 48% male). Further details about the sample and assessments can be found in Kaprio, Pulkkinen, and Rose (2002) and Knaapila et al. (2011) .
Parental Antisocial Behavior and Alcohol Dependence Symptoms-Maternal and paternal antisocial behavior was indexed using symptom counts for DSM-3-R (American Psychiatric Association, 1987) Antisocial Personality Disorder as assessed using the Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA; Bucholz et al., 1994) when the twins were age 12. Total symptom counts were used in analyses. If only one parent's data were available, his/her score was used (11% of sample only had mother data, 1% only had father data, and <1% were missing data on both parents). When both mother and father data were available (87% of the sample), the maximum score was used in analysis. For 53% of these participants, the maximum score was from the father, for 5% the maximum score was from the mother, and for 42% the mother and the father had the same score. Maternal symptoms ranged from 0-4 (M = 0.24), and paternal symptoms ranged from 0-7 (M = 1.10), and 5 and 51 of mothers and fathers endorsed three or more of the criteria, thus meeting Criterion A for antisocial personality disorder. Mother and father scores were positively correlated, τ = .20, p < .01.
Maternal and paternal alcohol dependence symptoms were indexed using lifetime symptom counts for DSM-3-R (American Psychiatric Association, 1987) Alcohol Dependence as assessed using the Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA; Bucholz et al., 1994) when the twins were age 12. Total symptom counts, which ranged from 0-9, were used in analyses. If only one parent's data were available, his/her score was used (11% of sample only had mother data, 1% only had father data, and <1% were missing data on both parents). When both mother and father data were available (87% of the sample), the maximum score was used in analysis. For 57% of these participants, the maximum score was from the father, for 10% the maximum score was from the mother, and for 33% the mother and the father had the same score. Maternal symptoms ranged from 0-9 (M = 0.58), and paternal symptoms ranged from 0-9 (M = 2.07), and 33 and 137 of mothers and fathers endorsed three or more criteria and met clinical criteria for alcohol dependence. Mother and father scores were positively correlated, τ = .17, p < .01.
Life Events-At age 14, twins reported on their life events using a checklist that asked whether a series of 15 life events items (listed in Table 1 ) had occurred in the past two years. Each item was coded 0 (did not happen in past two years) and 1 (did happen in the past two years). Sum scores were used in analyses, and were available for all participants in the subsample.
Externalizing Behavior-At age 14, externalizing behavior was measured using the Behavioral Problems scale from the Teacher Form of the Multidimensional Peer Nomination Inventory (Pulkkinen, Kaprio, & Rose, 1999) . This scale tapped behavioral problems related to three factors: hyperactivity-impulsivity (seven items such as "is hyperactive" and "is talkative"); aggression (six items such as "goes around telling people's secrets to others" and "hurts other kids when angry"); and inattention (four items such as "tends to ignore instructions" and "is conscientious with homework"). Teachers were asked how much each statement applied to each twin in their classroom on a four-point scale anchored 0 (does not apply) to 3 (applies in a pronounced way). Reliability for the scale was high (α = 0.95). Items were reverse scored as needed and averaged for the present analyses. Externalizing data were available for all participants in the subsample.
Covariates-As with CDP, we statistically controlled for sex and for the number of parental reports for antisocial behavior and alcohol dependence symptoms.
Genotyping-Genome-wide data were collected using blood samples obtained at the age 22 assessment. Genotyping was performed at the Welcome Trust Sanger Institute (Hinxton, UK) on the Human670-QuadCustom Illumina BeadChip (Illumina, Inc., San Diego, CA, USA), as previously described in Broms et al. (2012) . The data were checked for MAF >1%, genotyping success rate per SNP and per individual (> 95%; >99% for SNPs with MAF<5%), Hardy-Weinberg Equilibrium (HWE p > 1 × 10 −6 ), sex, and heterozygosity. In addition, to check whether any individuals were unexpectedly related to each other, a multidimensional scaling plot (using a pairwise-IBS matrix) with only one member of each known family was created. After the pedigree was checked for accuracy, the basic filters (MAF, genotyping success, HWE) were reapplied to the data. The GABRA2 SNP rs279871 was not initially genotyped on this array, and was imputed using ShapeIT (Delaneau, Marchini, & Zagury, 2012) in pre-phasing and IMPUTE2 (Howie, Donnelly, & Marchini, 2009 ) for genotype imputation. The posterior probability threshold for "best-guess" imputed genotype was 0.9. Genotypic information for this SNP was available for 100% of the sample 2 . Imputation was done on the plus strand, and the MAF for the C allele (which corresponds to the G allele in CDP, due to strand differences in genotyping and imputation) was 0.41.
Analytic Plan
CDP-Six time points of repeated-measures data were available for both life events and CBCL externalizing. Two time points of repeated-measures data were available for TRF externalizing. Accordingly, we adopted a linear mixed modeling (LMM) approach to test for an indirect effect of parental externalizing problems (antisocial behavior and alcohol problems) on subsequent adolescents' externalizing that is transmitted through life events, and to test whether life events and adolescents' GABRA2 genotype interacted to qualify this indirect effect. Linear mixed modeling allows for the incorporation of missing data and models the covariance structure with fewer parameters relative to a repeated-measures ANOVA. We used restricted maximum likelihood estimation, a continuous autoregressive correlation structure, and random intercepts and slopes. Parental antisocial behavior and alcohol problems were run in separate models, as were CBCL and TRF externalizing outcomes.
Per the recommendations of MacKinnon et al. (2002), we tested for the indirect effect of parental externalizing problems on adolescents' externalizing using tests of the joint significance of two pathways: parental externalizing problems predicting life events and life events predicting subsequent adolescent externalizing while simultaneously controlling for parental externalizing problems 3 . The generic LMM model used to test each of these pathways (expressed in hierarchical linear model [HLM] form) was:
Parental Externalizing Predicting Life Events 2 Imputation is a common practice in genetics now. The imputation procedure uses known linkage disequilibrium information (indicating how correlated nearby genetic variants are) from a large scale genetic sequencing study (the 1000 Genomes Phase I integrated variant set release (v3) reference panel) to infer with a high degree of accuracy an individual's genotype at loci that are not directly measured (Marchini & Howie, 2010) . Because SNPs can be inferred with such a high degree of accuracy using linkage disequilibrium, the number of SNPs actually genotyped in genetic studies has been reduced dramatically, and simulation studies demonstrate that SNP imputation makes lower coverage genome-wide genotyping platforms (e.g., those with ~600,000 genotyped markers) as powerful as high coverage platforms (e.g., those with 1 million genotyped markers) (Spencer, Su, Donnelly, & Marchini, 2009) . 3 Tests for indirect effects are related to, but distinct from, tests for mediation. The key difference is that tests for mediation require a main effect for the predictor (e.g., parental antisocial behavior or alcohol problems) on the outcome, while the joint effects strategy recommended by MacKinnon et al. (2002) Level 2:
where β 1 is the intercept, β 2 is the slope for the linear time term (t), β 3 is effect of sex on the intercept, and β 4 is the effect of parental externalizing problems on life events, β 5 is the effect of number of parental externalizing reporters on life events, b 1 is the random intercept allowing for individual variation around the mean (β 1 ), b 2 is the random intercept allowing for individual variation around the slope (β 2 ), and β 1i and β 2i denote the participant-specific intercepts and slopes.
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Level 2: β 3i = β 3 where β 1 is the intercept, β 2 is the slope for the linear time term, β 3 is the effect of life events at the prior assessment (at time j-1) on subsequent adolescent externalizing (at time j), β 4 is the effect of sex on externalizing, β 5 is the effect of parental externalizing problems on adolescent externalizing, β 6 is the effect of number of parental externalizing reporters on adolescent externalizing, b 1 is the random intercept allowing for individual variation around the mean (β 1 ), b 2 is the random intercept allowing for individual variation around the slope (β 2 ), and β 1i and β 2i denote the participant-specific intercepts and slopes. We note that we used parental externalizing to predict intercepts but not slopes of adolescent externalizing because we anticipated that parental externalizing would predict initial levels of adolescent externalizing, but not necessarily changes in externalizing behavior across time. This was confirmed in preliminary analyses.
We then tested whether life events interacted with adolescent GABRA2 genotype to predict adolescent externalizing while controlling for parental externalizing. Following the recommendations of Muller et al. (2005) , we included an interaction term between life events and GABRA2 to predict adolescent externalizing. The Level 1 and Level 2 equations were as follows: Where β 1 is the intercept, β 2 is the slope for the linear time term, β 3 is the effect of life events at the prior assessment (at time j-1) on subsequent adolescent externalizing (at time j), β 4 is the effect of the interaction of between life events at the prior assessment and GABRA2 on subsequent adolescent externalizing, β 5 is the effect of sex on adolescent externalizing, β 6 is the effect of parent externalizing on adolescent externalizing, β 7 is the effect of GABRA2 on adolescent externalizing, β 8 is the effect of number of parental externalizing reporters on adolescent externalizing, b 1 is the random intercept allowing for individual variation around the mean (β 1 ), b 2 is the random intercept allowing for individual variation around the slope (β 2 ), β 1i and β 2i denote the participant-specific intercepts and slopes, and β 3i and β 4i denote the participant-specific longitudinal effects of life events at the prior assessment on subsequent adolescent externalizing and of the interaction of life events at the prior assessment and GABRA2 on subsequent adolescent externalizing, respectively.
We ran the analyses in the nlme package version 3.1-117 (Pinheiro et al., 2014) in R version 3.0.3 (R Development Core Team, 2014). In order to account for autoregressive effects in our models, we specified a "corCAR1" correlation structure (i.e., an autocorrelation structure of order 1, with a continuous time covariate). Preliminary analyses examining the shape of the CBCL externalizing trajectory across time indicated a decreasing linear trajectory; accordingly, a linear time term was included in the model. A linear time term was also included in the TRF externalizing models in view of preliminary analyses that indicated an increasing level of externalizing behavior between ages 12-13. Time was centered at age 12 in all models to aid in the interpretation of the intercepts. GABRA2 genotype was coded 0, 1, or 2, representing the number of copies of the minor allele. The life events, parental antisocial behavior, and parental alcohol problems independent variables were standardized. Effect size was calculated as the percent of the variance (R 2 ) accounted for by a parameter of interest above and beyond the covariates and main effects (for interactions) using the residual variance procedure described by Selya et al. (2012) .
To test the robustness of our effects against potential confounders, we performed supplementary analyses that included all covariate x environment and covariate x genotype interaction terms in addition to the G × E interaction, per the recommendations of Keller (2014) . Finally, in view of Perry et al.'s (2013) recent findings that the interaction between positive life events and GABRA2 in predicting alcohol dependence is more pronounced in males compared to females, we also examined whether the anticipated G × E effect was further modified by sex.
FinnTwin12-Analyses were run in the same statistical software program for the CDP sample to account for the nesting of twins within dyads. We specified a "corCompSymm" (compound symmetry) correlation structure. An autoregressive correlation structure was not necessary for FinnTwin12 because only one time point of data were available for the sample.
Results

CDP Representativeness Analyses, Descriptive Statistics, and Zero-Order Correlations
A series of dropout-control comparisons indicated that the subsample examined here did not significantly differ (i.e., p > 0.05) from those not in the subsample in terms of sex, parental antisocial behavior or alcohol problems, or the number of life events experienced between ages 12-16. However, the subsample did experience fewer life events at age 11 (Cohen's d = −0.05, indicating a small effect) and had lower scores on the Achenbach Child Behavior Checklist (ages 12, 14, 16, and 17; Cohen's d ranged from −0.20 to −0.26, indicating small effects) and on the Teacher Report Form (ages 12 and 13; Cohen's d ranged from −0.53 to −0.54, indicating medium effects) externalizing measures compared to those not in the subsample.
Descriptive statistics and zero-order correlations among the parental externalizing problems, life events, and adolescent externalizing measures are shown in Table 2 . The six CBCL externalizing measures were highly intercorrelated, rs 0.63 -0.82 (M = 0.74), and the six life events measures were modestly intercorrelated, rs 0.32 -0.59 (M = 0.43). The two TRF externalizing measures were moderately intercorrelated, r = .44. There were positive associations between life events and cross-lagged CBCL externalizing, rs 0.23 -0.39 (M = 0.30). Life events and cross-lagged TRF externalizing were positively correlated at age 12 (r = 0.16) but not at age 13 (r = .05). Parental antisocial behavior and alcohol problems were positively related, although this effect was modest, r = .15. 
Testing For Indirect Effects in CDP
Higher parental antisocial behavior (B = 2.23, t(318) = 6.63, p < .01, R 2 = 9.92%) and alcohol problems (B = 0.69, t(318) = 2.01, p = .05, R 2 = 1.30%) predicted higher CBCL adolescent externalizing. Higher parental antisocial behavior (B = 1.61, t(289) = 4.00, p < . 01, R 2 = 4.93%) and alcohol problems (B = 2.14, t(290) = 5.49, p < .01, R 2 = 6.57%) also predicted higher TRF externalizing. Higher parental antisocial behavior (B = 0.36, t(316) = 3.94, p < .01, R 2 = 2.32%) and alcohol problems (B = 0.21, t(316) = 2.35, p = .02, R 2 = 0.68%) 4 also predicted a greater number of life events. We note that due to convergence problems, the random effects for slope were dropped from these particular analyses.
Life events did not predict cross-lagged CBCL externalizing (B = 0.16, t(1230) = 1.23, p < . 21, R 2 = 1.58%) after controlling for the main effect of parental antisocial behavior (B = 2.21, t(309) = 6.53, p = .01). Furthermore, life events did not predict cross-lagged CBCL externalizing (B = 0.21, t (1227) = 1.61, p = 0.11, R 2 = 2.17%) after controlling for the main effect of parental alcohol problems (B = 0.69, t(309)= 1.98, p = 0.05). Likewise, life events did not predict cross-lagged TRF externalizing (B = 0.59, t(216) = 1.64, p = .0.10, R 2 = 2.70%) after controlling for the main effect of parental antisocial behavior (B = 1.38, t(280) = 3.41, p < .01). And life events did not predict cross-lagged TRF externalizing (B = 0.56, t(216) = 1.64, p = .10, R 2 = 4.15%) after controlling for the main effect of parental alcohol problems (B = 2.27, t(281)= 5.92, p < .01). Taken as a set, the results of the analyses suggest that parental antisocial behavior and alcohol problems predict a greater number of life events. However, we did not find evidence for an indirect effect whereby life events in turn predicts cross-lagged adolescent externalizing behavior as reported by either mothers or teachers.
Testing for Moderated Indirect Effects in CDP
We tested whether life events interacted with GABRA2 genotype to predict cross-lagged CBCL externalizing while simultaneously controlling for parental externalizing. The results are shown as a series of models in Tables 3 and 4 . Model 1 includes the main effects of all variables. Model 2 includes the main effects and the interaction of life events × GABRA2. Model 3 includes the main effects, the life events × GABRA2 interaction effect, and additional statistical controls for all covariate × genotype and covariate × environment interactions. In terms of main effects, CBCL externalizing decreased over time. Adolescents who were missing a parental antisocial behavior report, or whose parents had higher parental antisocial behavior and alcohol problems had higher CBCL externalizing (see Model 1 in  Tables 3 and 4) . Sex, missing a parental alcohol problem report, life events, and GABRA2 genotype were not significantly associated with CBCL externalizing.
Above and beyond these main effects, the life events × GABRA2 interaction effects reached statistical significance for the parental antisocial behavior and alcohol problems models (see Model 2 in Tables 3 and 4 ). The interactions accounted for 0.47% and 0.46% percent of the variance in the respective models. Figure 1 depicts the mean levels of CBCL externalizing as a function of life events and GABRA2 genotype for the model that included parental antisocial behavior. A consistent pattern of effects was found for the model that included parental alcohol problems (available upon request from the first author). . In supplementary analyses that included all covariate × environment and covariate × genotype interaction terms, the interaction between life events and GABRA2 was attenuated, which is to be expected given the additional parameters in the model and corresponding loss of degrees of freedom, but did not entirely disappear (p values = 0.06 and 0.07). These results are summarized as Model 3 in Tables 3 and 4. The TRF externalizing results were similar to the CBCL externalizing results. In terms of main effects, adolescents who were male, who were missing a parental alcohol problem report, and whose parents had higher antisocial behavior and alcohol problems had higher TRF externalizing (see Model 1 in Tables 5 and 6 ). Missing a parental antisocial behavior report, life events, and GABRA2 genotype were not significantly associated with TRF externalizing. As shown in Model 2 of Tables 5 and 6, the interaction between cross-lagged life events and GABRA2 was significant in the parental antisocial behavior and alcohol problems models. The interaction effects accounted for 1.54% and 1.48% of the variance in the respective models. Figure 3 depicts the mean levels of TRF externalizing as a function of life events and GABRA2 genotype for the model that included parental antisocial behavior. A consistent pattern of effects was found for the model that included parental alcohol problems (available upon request from the first author). In a series of exploratory analyses we examined whether sex further modified the interaction between life events and GABRA2. There was no evidence for a three-way interaction between sex, life events, and GABRA2 in the CBCL models (p values for the three-way interaction effect were 0.32 and 0.26 for the models that included parental antisocial behavior and parental alcohol problems, respectively) or in the TRF models (p values for the three-way interaction effect were 0.14 and 0.08 for the models that included parental antisocial behavior and parental alcohol problems, respectively)
FinnTwin12 Analyses
FinnTwin12 Representativeness Analyses, Descriptive Statistics, and ZeroOrder Correlations-A series of dropout-control comparisons indicated that the FinnTwin12 subsample examined here did not significantly differ from those not in the subsample in terms of sex, parental antisocial behavior, parental alcohol dependence symptoms, or adolescent externalizing. However, those in the subsample experienced more life events on average compared to those not in the subsample (Cohen's d = 0.09, which corresponds to a small effect size). Descriptive statistics and zero-order correlations for the focal variables are presented in Table 7 . Life events, parental antisocial behavior, and parental alcohol dependence symptoms were positive and significant predictors of adolescent externalizing. Both measures of parental externalizing behaviors were positively intercorrelated, and were positively correlated with adolescent externalizing.
Testing For Indirect Effects in FinnTwin12-Parental antisocial behavior (B = 0.06, t(480) = 2.64, p < .01, R 2 = 1.26%), but not alcohol dependence symptoms (B = 0.03, t(479) = 1.53, p = 0.13, R 2 = 0.53%) 5 , predicted higher levels of adolescent externalizing. Consistent with the pattern observed in the zero-order correlations, LMM tests indicated that parental antisocial behavior (B = .27, t(475) = 3.54, p < .01, R 2 = 2.63%) and alcohol dependence symptoms (B = .24, t(474) = 3.15, p < .01, R 2 = 1.60%) predicted a greater number of life events.
The associations between life events and adolescent externalizing were also significant after controlling for both measures of parental externalizing behavior. Life events (B = 0.05, t(322) = 2.93, p < .01, R 2 = 1.47%) were associated with higher adolescent externalizing after controlling for the main effect of parental antisocial behavior (B = 0.05, t(475) = 2.25, p < .05). Life events were also a significant predictor of adolescent externalizing (B = 0.06, t(321) = 3.09, p < .01, R 2 = 1.66%) in the model that controlled for parental alcohol dependence symptoms (B = 0.03, t(474) = 1.20, p = .23). Thus, the results of this two-step analysis in the FinnTwin12 sample provide evidence for indirect effects whereby parental antisocial behavior and alcohol dependence symptoms predict a greater number of life events, which in turn predicts higher adolescent externalizing.
Testing for Moderated Indirect
Effects in FinnTwin12-We tested whether life events and GABRA2 interacted to predict adolescent externalizing while simultaneously controlling for parental externalizing behavior. The results from these analyses are shown as a series of models in Tables 8 and 9 . In terms of main effects, adolescents who were male, whose parents had higher parental antisocial behavior, and who experienced more life events had higher teacher-reported externalizing (see Model 1 in Tables 8 and 9 ). Missing a parental antisocial behavior or alcohol dependence symptom report, parental alcohol dependence symptoms, and GABRA2 genotype were not significantly associated with teacher-reported externalizing. As shown in Model 2 of Tables 8 and 9, the life events × GABRA2 interaction effects did not reach strict (p < 0.05) statistical significance in either the parental antisocial behavior or alcohol dependence symptoms models (the p values for the interaction effects ranged were 0.09 and 0.11, respectively). Figure 4 depicts adolescent externalizing as a function of life events and GABRA2 genotype for the model that included parental antisocial behavior. A consistent pattern of effects was found for the model that included parental alcohol dependence symptoms (available upon request from the first author). And, as shown in Figure 5 In supplementary analyses that included all covariate × environment and covariate × genotype interaction terms, the interaction between life events and GABRA2 was attenuated in the parental antisocial behavior model (p = 0.13), but not in the parental alcohol dependence symptoms model (p = .10). These results are summarized as Model 3 in Tables  8 and 9 . In a series of exploratory analyses we examined whether sex further modified the interaction between life events and GABRA2. There was no evidence for a three-way interaction among sex, life events, and GABRA2 (p values for the three-way interaction effect were 0.96 and 0.90 in models controlling for parental antisocial behavior and parental alcohol dependence symptoms, respectively).
Discussion
The present study brings together the literatures on mechanisms of intergenerational continuity in externalizing disorders (Chassin et al., 1993; Sher et al., 1997; Thornberry et al., 2003) and gene-environment interplay (Dick, 2011; Feder, Nestler, & Charney, 2009) , and offers a new perspective on central questions regarding the factors that promote intergenerational continuity versus discontinuity in externalizing psychopathology. Using longitudinal data from the CDP sample, we found evidence for an indirect effect whereby parental externalizing behavior (as indexed by measures of antisocial behavior and alcohol dependence symptoms) predicts a greater number of life events, which in turn predict higher adolescent externalizing behavior for those with a specific GABRA2 genotype. The association between life events and subsequent externalizing behavior was stronger for adolescents who were homozygous for the major allele compared to those who were heterozygous or homozygous for the minor allele. A similar interaction was found in the FinnTwin12 sample, although the effects did not replicate at a statistically significant level of p < .05.
Our results expand on previous studies of the disruptive effect of parental externalizing psychopathology on family life (Hoffmann & Su, 1998a; Sher et al., 1997; Wills et al., 2001) , the increases in adolescent externalizing behavior associated with life events (Kim et al., 2003; Timmermans, van Lier, & Koot, 2010; Windle, 1992) , and the role of life events in mediating parental and adolescent externalizing-spectrum problems (Chassin et al., 1993; Pillow, Barrero, & Chassin, 1998; Sher et al., 1997) . Most notably, our analyses in the CDP sample highlight the interaction between life events and adolescent-level genotypic factors in GABRA2 in promoting continuity and discontinuity in this intergenerational pathway. We found that parental antisocial behavior and alcohol problems were associated with a greater number of life events, and that the association between life events and externalizing behavior was stronger for adolescents who are homozygous for the major allele compared to those heterozygous or homozygous for the minor allele.
We found that these life events × GABRA2 interaction effects accounted for more variance in teacher reports of adolescent externalizing compared to the mother reports. Although this difference in magnitude was not initially hypothesized, our findings suggest that adolescents may act out at school in response to family-related changes and stressors to a greater degree than they act out at home, and that this varies as a function of genotype. It is also possible that teacher reports are more sensitive to variation in externalizing behavior because teachers have more expertise about the range of adolescents' behavior or because the school situation elicits a wider range of externalizing behavior. We note that the G × E effects observed in CDP did not replicate at a statistically significant level in the FinnTwin12 sample; however, the pattern of the genotypic effects was in the same direction. There was reduced power to find effects in FinnTwin12 because there were a fewer number of total observations relative to CDP owing to the CDP's longitudinal repeated measures design. As expected given the reduced degrees of freedom, our G × E effects were attenuated to some degree in the analyses that included all covariate × environment and covariate × genotype interaction effects. However, the effects were not removed, which adds confidence that these effects are not due to these potential statistical confounds.
A few findings emerged from our analyses that are inconsistent with prior studies. First, we note that the correlations between parental antisocial behavior and alcohol problems measures were unexpectedly low in the CDP sample (r = 0.15). This association not as strong as other reports in the literature (e.g., Krueger et al., 2002) . We speculate that the low correlation may be attributable to restriction of range in the CDP parental antisocial behavior and alcohol problems measures, which can attenuate correlations. Second, we did not find evidence for main effects of GABRA2 on adolescent externalizing in either the CDP or FinnTwin12 samples. This could be attributable to a couple of factors. Genetic associations for GABRA2 tend to be more robust in clinically-ascertained samples compared to community-based samples (Irons et al., 2014) . Previous work in the CDP sample has found evidence for association between GABRA2 and an elevated persistent trajectory of externalizing behavior across adolescence and emerging adulthood (Dick et al., 2009 ). However, that study used a latent class approach to test for genetic association with a relatively extreme phenotype; in contrast, we used dimensional measures of externalizing. The fact that we did not find main effects for GABRA2 in CDP or FinnTwin12 samples may be attributable to differences in ascertainment and measurement strategies.
Third, in contrast to previous studies, we did not find evidence for an indirect effect from parental externalizing→life events→adolescent externalizing at the population level in the community-based CDP sample. Rather, this indirect effect was only observed for adolescents who were homozygous for the major allele at rs279871. Although analyses in Chassin's sample of children of alcoholics and a demographically matched comparison group (Chassin et al., 1993) and in the population-based FinnTwin12 sample (reported here) find evidence for this indirect effect, others have reported null results (Hoffmann & Su, 1998a) . We believe that the mixed findings for this effect underscore the need to test hypotheses regarding the individual difference factors (genetic or otherwise) that alter the strength of this intergenerational pathway.
As these factors begin to be identified, this opens up avenues for future research into the mechanisms driving their effects. Previous research on aggression suggests that proximal psychological mechanisms, such as emotion dysregulation (Herts, McLaughlin, & Hatzenbuehler, 2012) , might contribute to the indirect effects from parental externalizing→life events→adolescent externalizing. Although we were unable to test this possibility directly in the present study, it may be the case that adjustment to numerous life events taxes adolescents' burgeoning ability to effectively modulate their emotions, giving rise to externalizing behavior. However, it could also reflect the likelihood that parents in families that experience many life events are also more likely to foster the development of coercive behavior in their children and to fail to prevent externalizing behavior (Conger, Patterson, & Ge, 1995; Patterson, 1982) .
Interpreting G × E effects as part of an intergenerational pathway is more complex than in the typical G × E study. This is because parental genetic predispositions for externalizing behavior contribute to the externalizing behavior of the adolescent through genetically-and environmentally-mediated processes (Hicks et al., 2004) . Although the focus of the present intergenerational study was on the interaction of life events and adolescent GABRA2 genotype to predict externalizing, it is possible that life events and parental GABRA2 genotype may interact to predict the types of sub-optimal parenting practices (e.g., participating in coercive interactions) that in turn contribute to adolescents' externalizing. Although we are unable to examine this possibility in the present study, we believe that these types of process-oriented hypotheses are important for understanding the intergenerational transmission of externalizing behavior, and the interaction of environmental and genetic factors (both parental and offspring) (Klahr & Burt, 2014) .
Our gene-environment interaction results conceptually map onto findings for a positive association between childhood trauma and cocaine addiction for those homozygous or heterozygous for the G (minor) allele at GABRA2 SNP rs11503014 (Enoch et al., 2010) in a clinically-ascertained African-American sample. However, in our Caucasian samples, the effects were with respect to the opposite allele (i.e., the association between life events and externalizing was more positive for those homozygous for the major allele at GABRA2 SNP rs279871 compared to those heterozygous or homozygous for the minor allele). We note that the effects in the present study are for the same genotype previously associated with alcohol dependence (Edenberg et al., 2004) , conduct disorder , and, as previously found in the CDP sample, a greater likelihood of displaying an elevatedpersistent trajectory of externalizing behavior in the context of low parental monitoring (Dick et al., 2009 ). Other studies report that the minor allele is the risk-increasing allele (Fehr et al., 2006) ; however, we note that inconsistency in the identity of the risk-increasing allele for GABRA2 may be attributable to high heterozygosity, genotyping methods adopted across different labs (e.g., genomic strand differences), and variation in allele frequency across populations. For example, previous reports have found differential allelic effects for GABRA2 and nicotine dependence across racial/ethnic groups (Beuten et al., 2005) , underscoring the importance of attending to the direction of genetic effects across diverse samples.
Although we initially selected GABRA2 for the present analyses in view of its previous associations with externalizing behavior and externalizing disorders Edenberg et al., 2004) , more recent findings from the model organism (mouse) literature indicate that GABRA2 is also involved in a network of genes that regulate the stress response (Dai et al., 2009 ). This regulation of the biological cascade associated with stress may explain why the parental externalizing → life events → adolescent externalizing pathway is more robust for those with certain GABRA2 genotypes compared to others.
Strengths of the present study include data from multiple reporters (parents, teachers, and adolescents) across two samples, as well as genotypic information on GABRA2 in order to examine whether parental externalizing behavior exerts an indirect effect on adolescent externalizing behavior via elevations in life events, and whether life events interact with adolescents' GABRA2 genotype such that this pathway is stronger for some genotypes compared to others. Despite these strengths, the results of the present study should be interpreted in the context of several limitations. First, analyses were limited to Caucasians. Doing so reduces the risk of false positives due to population stratification; however, generalizability to other racial groups is limited as a consequence. Previous work from the Collaborative Study on the Genetics of Alcoholism suggests that self-reports of race/ ethnicity are highly correlated with ancestry informative markers (unpublished data), which reduces concerns that population stratification may be driving the significant G × E effects observed in CDP. In FinnTwin12, principal components analyses of the population structure performed in Eigenstrat indicated a single dimension of ancestry. Second, although we are able to bring two datasets together to examine the role of life events and genotypic differences in intergenerational continuity in externalizing problems, there is imperfect correspondence in the measures, reporters, and study designs. For example, in the CDP sample, mothers reported on life events, and in the FinnTwin12 sample adolescents reported on life events. In the context of these differences, the parallel but non-significant trends observed in our replication sample are encouraging.
A third limitation is that the measures of life events used in both samples tapped events that were in the normative range of the types of changes and transitions that adolescents and their families are likely to face. Whether the same indirect and gene-environment interaction effects would be observed in the context of more extreme stressors (e.g., physical, emotional, or sexual abuse) remains an important direction for future research. Fourth, we are unable to account for parental GABRA2 genotype in the present samples. Fifth, it would have been ideal to use measures of parental antisocial behavior and alcohol problems in the CDP sample that were obtained prior to mothers' and teachers' first reports of their adolescent's externalizing behavior; however these data were not available. In view of evidence that antisocial behavior and alcohol problems are relatively stable in adulthood (Bennett, McCrady, Johnson, & Pandina, 1999; Neumann, Wampler, Taylor, Blonigen, & Iacono, 2011; Odgers et al., 2008; Petersen et al., in press; Pitkanen et al., 2008) , we believe it is appropriate to conceptualize the measures as global indices of parental externalizing behavior. Lastly, paternal antisocial behavior and alcohol problems data were not available for all participants, which may have resulted in an underestimation of these indices since these behaviors are more prevalent in males than in females. The impact of this underestimation on the association between antisocial behavior and alcohol problems in the parental generation, life events, and adolescent externalizing is unknown.
In summary, we integrated across distinct literatures on intergenerational continuity in externalizing behavior and latent gene-environment interaction to test hypotheses about the role of individual genotypic differences in altering the parental externalizing→life events→adolescent externalizing pathway. We found that the strength of the pathway from life events to adolescent externalizing varies as a function of GABRA2 genotype. The positive association between life events and externalizing behavior was more robust for those homozygous for the major allele compared to those heterozygous or homozygous for the minor allele, with trends indicating a parallel effect in a second sample. Extending this work to racially/ethnically diverse samples and accounting for intergenerational GABRA2 genotype represent important avenues for future research in this area. Teacher-reported adolescent externalizing as a function of life events (high = +1 SD above the mean, low = −1 SD below the mean) and the number of copies of the minor allele for GABRA2 SNP rs279871 for the model including parental antisocial behavior in the FinnTwin12 sample. Bars represent the standard errors of the estimates. Strength of the association (depicted as standardized betas) between life events and teacherreported adolescent externalizing as a function of the number of copies of the minor allele for GABRA2 SNP rs279871 for the models including parental antisocial behavior (panel A) and parental alcohol dependence symptoms (panel B) in the FinnTwin12 sample. Bars represent the 95% confidence intervals for the estimates. Table 2 Descriptive statistics and zero-order correlations among Child Development Project parental externalizing, life events, and adolescent externalizing variables Table 3 Child Development Project: Child Behavior Checklist externalizing as a function of parental antisocial behavior, cross-lagged life events, GABRA2 genotype, and cross-lagged life events x GABRA2 genotype interaction Table 4 Child Development Project: Child Behavior Checklist externalizing as a function of parental alcohol problems, cross-lagged life events, GABRA2 genotype, and cross-lagged life events x GABRA2 genotype interaction Table 6 Child Development Project: Teacher Report Form externalizing as a function of parental alcohol problems, cross-lagged life events, GABRA2 genotype, and cross-lagged life events x GABRA2 genotype interaction Table 9 FinnTwin12: Teacher reported externalizing as a function of parental alcohol dependence symptoms, life events, GABRA2 genotype, and life events x GABRA2 genotype interaction 
